Abstract -A multivariate morphometric analysis of Apis cerana populations of the Hindu Kush in Afghanistan and Pakistan and of Kashmir and Himachal Pradesh in India revealed two statistically distinct morphoclusters, a Hindu Kush/Kashmir group and a Himachal Pradesh group. High intercolonial variances at three localities are associated with regions of major climatic zone change, hence ecological instability.
INTRODUCTION
The relationships of Apis cerana Fabricius populations of the Hindu Kush in western Asia to their more easterly Himalayan neighbours have long eluded honeybee morphometricians because of a paucity of specimens available for analysis. In the circumstances, both Maa (1953) and Ruttner (1988) simply concluded that these bees could not be distinguished from those of southwestern China. Data from the Institut für Bienenkunde at Oberursel for A. cerana of the Hindu Kush of Afghanistan and Pakistan (Ruttner, 1988) coupled with those from neighbouring northern India (Hepburn et al., 2001) now allow a conjoint multivariate morphometric evaluation of these geographically contiguous populations in the southern Himalayan region. Here we report the results of such analyses.
MATERIALS AND METHODS

Honeybees
Morphometric data for worker honeybees of Apis cerana were obtained from two sources: (1) those for Afghanistan and Pakistan and a few localities in India came from the Ruttner/Oberursel database (Ruttner, 1988) ; (2) those for most of northern India from a southern Himalayan database (Hepburn et al., 2001) . A total of 902 bees from 68 colonies at 16 localities was used in the morphometric analysis. The localities, their coordinates, altitudes, sample sizes and data sources are indicated in Table I and mapped in Figure 1. 
Morphometric measurements
Twenty-seven morphological characters common to both the Ruttner/Oberursel and southern Himalayan databases were utilized in the present 26 S.E. Radloff et al. Apis cerana populations of the Hindu Kush 27 study. Their Ruttner (1988) and Verma et al. (1989 Verma et al. ( , 1994 Morphometric measurements of honeybees from Sonamarg and Kishtwar were available from both databases thus allowing adjustments for different measurers. The measurements of the Oberursel database were adjusted to the somewhat larger Verma database by proportionally weighting the values so that the colony mean values of the 27 characters were the same for the two localities in common. Only minor adjustments were made: size-related character values from Oberursel were all slightly smaller (weights ranged from 1.024 to 1.067); angles of venation, on the other hand, were all slightly larger (weights ranged from 0.906 to 0.991).
Data analysis
Multivariate statistical analysis of the data included factor analysis using the principal components method of extraction, stepwise linear discriminant analysis, Wilks' lambda statistic for testing significant differences between the means of the characters entered into the discriminant functions and Levene's F statistic procedure for testing heterogeneity of variances (Johnson and Wichern, 1998; Rao, 1998) .
RESULTS
In a factor analysis of the morphometric characters of worker honeybees from 68 colonies five factors with eigenvalues greater than one were isolated. Factor 1: size-related characters (5), (6), (9) to (19) and angle of venation (29) accounted for 48.6% of the variation; Factor 2: angles of venation (24) and (28) and sizerelated character (8) accounted for 9.9% of the (22) and (23), (7.7% variation); (21), (6.9% variation); (30), (4.7% variation), respectively. The factor loadings for each character had an absolute value greater than 0.64. A graph of the factor scores from factors 1 and 2 revealed two morphoclusters, with those colonies from localities 1-3 in Afghanistan, 4,5 in Pakistan and 6-14 in Kashmir forming one cluster (1) and those colonies from localities 15,16 in Himachal Pradesh forming a second cluster (2) (Fig. 2) .
A forward stepwise discriminant analysis confirmed the two morphoclusters with 100% correct classification of the 58 colonies from Afghanistan, Pakistan and Kashmir with a posteriori probabilities equal to one for all colonies. Likewise, there was a 100% correct classification of the 10 colonies from Himachal Pradesh with a posteriori probabilities equal to one for all colonies. Four of the 27 morphometric characters which entered into the discriminant function in descending order of discriminating power are as follows: size-related characters (12), (13), (11) and wing angle (25). A significant difference was found among the vector means of the four clusters [Wilks' Λ = 0.0211; F(4,63) = 732.6, P < 0.0001]. The means and standard deviations of the 27 characters for each morphocluster are given in Table II. The intercolonial variances at the 16 localities were determined using the first factor loadings. A significant difference was found between the intercolonial variances over all the localities (Levene's F = 3.27 with (15, 52) df, P = 0.0007) and significantly high variations were found at three localities: Bidiwa (3), Peshawar (4) and Rajouri (12).
DISCUSSION
The graph of the factor scores demonstrates the occurrence of two statistically distinct morphoclusters of A. cerana in the far western area of its distribution. The honeybees of the Hindu Kush in Afghanistan and Pakistan and in Kashmir, India form one morphocluster; while the bees of Himachal Pradesh, India form a second morphocluster (Fig. 2) . The finding that the Hindu Kush/Kashmir bees are somewhat larger than those of Himachal Pradesh is in agreement with previous observations (Verma et al., 1989; Hepburn et al. 2001 ).
The finding that the A. cerana of Himachal Pradesh formed a morphocluster distinct from the Kashmir group was in agreement with previous analyses of southern Himalayan bees (Hepburn et al., 2001 ). The formerly unknown group of A. cerana of the Hindu Kush is now seen to be part of the Kashmir morphocluster. The general results confirm the inference of Ruttner (1988) that the A. cerana of northern Afghanistan, Pakistan and India would form a compact group. The absence of morphometric Table II . Means and standard deviations (sd) of 27 morphometric characters (measurements in mm, angles in degrees) for two morphoclusters of Hindu Kush Himalayan A. cerana. Ruttner (1988) and Verma et al. (1989 Verma et al. ( , 1994 A final point of interest concerns the distribution of the three high variance domains in the Hindu Kush/Kashmir morphocluster area. Significantly high intercolonial variances were obtained at Bidiwa (3) in the Nuristan area of Afghanistan, which is the juncture for three different climatic zones. Similarly, two different climatic zones converge on the areas around Peshawar (4) and Rajouri (12) (Müller, 1982) . The convergence of zones of climatic change is interpreted as areas of ecological instability and this is consistent with the distribution of other high variance domains both in Asia (Hepburn et al., 2001) and Africa (Hepburn and Radloff, 1998) . Fig. 1 ) ont été mesurées et les données morphométriques analysées par l'extraction des composantes principales, l'analyse discriminante linéaire pas à pas, la statistique lambda de Wilk et la statistique F de Levene. Une représentation graphique des valeurs des facteurs a montré l'existence de deux groupes morphologiques (sous-espèce définie morphométrique-ment), ceux de l'Hindou Kouch et du Cachemire formant un premier groupe et ceux de l'Himachal Pradesh formant un autre groupe (Fig. 2) . Une analyse discriminante pas à pas ascendante a confirmé les deux groupes morphologiques avec une classification 100 % correcte et des probabilités a posteriori égales à un pour toutes les colonies des deux groupes morphologiques. Le tableau II donne les moyennes et les écarts-types pour chaque groupe morphologique. Les variances inter-colonies dans les 16 localités ont montré des différences significatives pour toutes les localités avec des valeurs hautement significatives dans trois localités : Bidiwa, Peshawar et Rajouri (Tab. I ; Fig. 1 
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